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(54) APPARATUS FOR CULTURING PHOTOSYNTHETIC MICROORGANISM 
AND CULTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for culturing 
photosynthetic microorganism and a culturing method enabling the industrial 
utilization of photosynthetic microorganisms by the improvement of photo- 
utilization efficiency and the attainment of a high-density culture. 



SOLUTION: Both side faces of this photosynthetic microorganism culturing 
apparatus are made of a light-transmitting transparent material such as 
transparent plastic or transparent glass and the apparatus is lighted with lighting 
means 30 placed at both sides 1 1 of the apparatus. The thickness of the culture 
tank 1 is set to about £2cm. An unexpected increase of productivity 
unexplainable by the increase of light quantity is attained by decreasing the 
thickness to £2cm. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The photosynthesis bacterial culture apparatus characterized by having 
an optical supply means by which a both-sides side is made from light 
transmission nature transparent materials, such as a transparent plastic or clear 
glass, at least, and light was supplied by the cultivation tank whose distance 
between these both-sides sides is about 2cm or less, and its side face. 
[Claim 2] The photosynthesis bacterial culture apparatus according to claim 1 
characterized by having further the constant temperature bath which holds said 
transparence cultivation tank selectively at least. 

[Claim 3] An optical supply means is a photosynthesis bacterial culture apparatus 
according to claim 1 characterized by being what uses artificial sources, such as 
a fluorescent lamp, an incandescent lamp, and a xenon lamp, as the light source. 
[Claim 4] The photosynthesis bacterial culture apparatus according to claim 1 
characterized by enabling accommodation of the distance of said light source 
and cultivation tank. 

[Claim 5] Said cultivation tank is a photosynthesis bacterial culture apparatus 
according to claim 1 characterized by having an aerator further, carrying out 
aeration of air or the air which added the carbon dioxide several% artificially 1 1. 
[ per 11. culture medium ] or more in 1 minute from there, and enabling stirring of 
culture medium with the bubble which goes up the inside of culture medium. 
[Claim 6] The photosynthesis bacterial culture apparatus according to claim 1 



characterized by having the swelling section for pH electrode insertion further in 
some cultivation tanks. 

[Claim 7] Said cultivation tank is a photosynthesis bacterial culture apparatus 
according to claim 1 characterized by having in a tub the baffle which inclined 
aslant [ aiming at the improvement in structure on the strength of a cultivation 
tank, and the improvement in stirring effectiveness of culture medium ]. 
[Claim 8] claim 1 thru/or 7 ~ the culture approach of the photosynthesis 
microorganism which is the approach of cultivating a photosynthesis 
microorganism using the photosynthesis bacterial culture apparatus indicated to 
either, and was characterized by supplying an always required nutrition and 
removing discard by performing solid liquid separation, reflux to the cultivation 
tank of a cell, and makeup of a fresh culture medium continuously or semi- 
continuously. 

[Claim 9] claim 1 thru/or 7 the culture approach of the photosynthesis 
microorganism characterized by to perform optical heterotrophy-culture of the 
hybrid model of the optical autotrophy which is the approach of cultivating a 
photosynthesis microorganism using the photosynthesis bacterial culture 
apparatus indicated to either, and added other organic and inorganic carbon 
sources in addition to the optical autotrophy-culture which uses as the only 
carbon the carbon dioxide or the carbon dioxide added auxiliary in air, and a 
heterotrophy. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the culture apparatus and the 
culture approach of a photosynthesis microorganism which enabled efficient 
culture by using thin equipment for a detail further about the culture apparatus 
and the culture approach of a photosynthesis microorganism. 
[0002] 

[Description of the Prior Art] The microorganism (for example, detailed algae, 
such as green algae and blue-green algae, a photosynthetic bacterium) 
increased in optical autotrophy compounds the organic substance from a carbon 
dioxide and water using luminous energy, and is leading the life. Therefore, in 
order to cultivate a photosynthesis microorganism efficient, it becomes the 
important point how light is supplied efficiently. The culture apparatus which used 
the side-face luminescence mold optical fiber about this point until now, The 
culture apparatus which applied a perimeter to light to the jar fermenter for some 
bacterial culture from the former, Various configurations, such as a culture 
apparatus, a tube mold culture apparatus, etc. which protected the fluorescent 
lamp with the glass tube and were installed in the tub, The culture apparatus of a 
format is proposed (utilization and actual" of the artificial light in a Kazunori Fujita 
"bioreactor, the foundation for the world-practice person of a bioreactor and 
HARIO lab "application [ - ]" 1992 issuance). 
[0003] 

[Problem(s) to be Solved by the Invention] However, it has the problems that any 
culture apparatus by which the conventional proposal is made has an upper limit 
in the optical reinforcement of luminescent material with the high cost of an 



ingredient, like that equipment is complicated and a scale-up is difficult. Moreover, 
it has not resulted in what also not necessarily satisfies yield. This invention aims 
at offering the photosynthesis bacterial culture apparatus and the culture 
approach of attaining the high cell concentration which improves improvement in 
the utilization effectiveness of light energy, and a proliferation rate, and could not 
reach by the conventional approach simple while it cancels the above 
inconvenience of the conventional photosynthesis bacterial culture apparatus. 
[0004] 

[Means for Solving the Problem] As a result of repeating an experiment and 
research wholeheartedly about the above-mentioned technical problem, by 
making thickness of the cultivation tank extremely thin (about 2cm or less) in the 
photosynthesis bacterial culture apparatus of the core box proposed until now, 
this invention person etc. perceives that the unexpected high productivity which 
cannot be explained only by the increment in the quantity of light is attained, and 
came to make this invention. 

[0005] That is, the photosynthesis bacterial culture apparatus of this invention is 
characterized by having an optical supply means by which a both-sides side is 
made with a transparent plastic or clear glass at least, and light was supplied by 
the transparence cultivation tank whose distance between these both-sides sides 
is 2cm or less, and its side face. 

[0006] in order to control the effect of the heat from the light source, or this 
cultivation tank is preferably installed into the transparence constant temperature 
bath for temperature control - or the surroundings of a cultivation tank -- 
constant temperature - the transparent jacket for water cycles is prepared. 
Moreover, you may make it irradiate light if possible from one side or the both- 
sides side of a cultivation tank at homogeneity, or may make it make it 
photosynthesize efficiently to detailed algae etc. using natural sunlight, using 
artificial sources, such as a fluorescent lamp, an incandescent lamp, or a xenon 
lamp, as the light source. It is a desirable mode, and by it, the accommodation of 
the optical reinforcement inside a cultivation tank also of also enabling 



accommodation of the light source and the distance of a cultivation tank can be 
attained, and it can raise efficiency for light utilization. 
[0007] Since it is stirring of culture medium, and in order to attain complete- 
mixing conditions, it is an especially desirable mode to install a tube-like aerator 
in a cultivation tank pars basilaris ossis occipitalis. From this aerator preferably 
aeration of air or the air which added the carbon dioxide several% artificially 1 1. 
[ per 11. culture medium ] or more is carried out in 1 minute, and culture medium 
is stirred with the bubble which goes up the inside of culture medium - cultivating 
[ of high density ] becomes rattlingly alike much more possible. 
[0008] Moreover, in order to maintain optimal pH conditions which change with 
various photosynthesis microorganisms, it is a desirable mode to measure pH 
continuously and to perform pH control with the pH electrode which gave the 
swelling for pH electrode insertion to some cultivation tanks, and was inserted in 
it. Furthermore, installation into the tub of the baffle which inclined aslant for a 
while is also good better ******, and becomes possible [ attaining three objects 
called improvement in the speed of response at the time of being the 
improvement in structure reinforcement of the thin cultivation tank whose 
distance between both-sides sides is 2cm or less, improvement in the stirring 
effectiveness of culture medium, and pH control ] by installing such a baffle. 
[0009] The culture approach using the photosynthesis bacterial culture apparatus 
and it by this invention is ** in which culture by the high density which was not 
able to be expected to the former is possible by taking the culture approach of 
performing makeup of an always required nutrient, and clearance of discard by 
doing solid liquid separation, reflux to the cultivation tank of a cell, and fresh 
culture-medium supply simultaneously continuously or semi-continuously, 
although high density cultivation is suitable if a deployment of the installation 
tooth space of equipment and the ease at the time of photosynthesis microbial 
cell harvest are taken into consideration. 

[0010] As a photosynthesis microorganism cultivated using the equipment of this 
invention, the detailed algae of the shape of a photosynthetic bacterium, 



unicellular detailed algae, and yarn, unicellular blue-green algae, yarn-like blue- 
green algae, etc. are mentioned as an object. Moreover, a certain **** culture 
medium used for detailed algae as a culture medium used for these culture until 
now is usable. As an example, they are BG-11, MC, ESM, PES, SOT, MDM, 
multiple buoy mooring, etc. moreover, the light which added carbon sources 
other than a carbon dioxide to the culture medium - subordinate culture is also 
possible. 

[001 1] As construction material of a culture apparatus, transparency, such as an 
acrylic, glass, and a polycarbonate, is high, and if there is no cytotoxicity, all are 
possible, but when premised on an outdoor activity, it is effective to apply an 
ultraviolet absorption film to a material-list side. Although the magnitude of 
equipment requires that the thickness of cultivation tank inside distance should 
be 2cm or less, based on a capacity required for culture, height and width of face 
can be freely designed except it. 

[0012] Moreover, if the temperature in a cultivation tank is controllable to 
homogeneity, especially the size of the transparence cistern for temperature 
control will not be restricted, either. As mentioned above, especially a limit does 
not have the light source, either and especially a limit does not have optical 
reinforcement, either. In order to maintain sufficient stirring effectiveness, 11. or 
more per 1 1, culture medium of quantity of airflow is desirable in at least 1 minute. 
The gas which carries out aeration has the desirable mixed gas which added 
about several% of carbon dioxide to air. As a cellular generator, a glass sparger 
etc. is unnecessary, in a tube with a bore [ made from stainless steel ] of about 
5mm, every other cm, it is an open beam thing and the object can fully attain an 
about 1mm hole. Although especially the upper part of a cultivation tank can also 
be opened by not covering, it is also possible to seal by covering, in performing 
sterile culture, to introduce 5-10% of hydrogen peroxide in equipment, and to 
sterilize. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of the 



photosynthesis bacterial culture apparatus by this invention is explained with 
reference to a drawing, constant temperature for 1 to adjust the body of a 
cultivation tank and for 2 adjust [ drawing 1 is the decomposition perspective 
view showing an example of the photosynthesis bacterial culture apparatus by 
this invention, ] the temperature of the body of a cultivation tank in drawing, it is 
a transparence jacket for water cycles. The body 1 of a cultivation tank has the 
shape of a core box thin as a whole, and the both-sides sides 1 1 and 1 1 are 
made from the transparent material in which light transmission, such as a 
transparent plastic or clear glass, is possible. And distance between the inner 
surfaces of the both-sides sides 1 1 and 1 1 which counter (namely, thickness of a 
cultivation tank) is set to 2cm or less. One flank of the body 1 of a cultivation tank 
is the swelling section 12 made a little broad, and the upper part of the body 1 of 
a cultivation tank including this swelling section is opened. 
[0014] the constant temperature from the constant temperature bath which the 
lower half of the body 1 of a cultivation tank is held in the jacket 2, and is not 
illustrated in this jacket 2 in this operation gestalt - it is introduced in a jacket 2, 
and water is drawn out and he is trying to circulate from the tap hole 22 prepared 
up from the input 21 prepared near the pars basilaris ossis occipitalis of a jacket 
2 The tube 3 for aeration is formed near the pars basilaris ossis occipitalis of the 
body 1 of a cultivation tank, and this tube 3 for aeration is connected to the tube 
31 (refer to drawing 2 ) for gassing arranged at the pars basilaris ossis occipitalis 
of the body 1 of a cultivation tank. It has connected with the supplied-air pump 
which is not illustrated, air or air+2 carbon-monoxide mixed gas is supplied 
through a supplied-air pump, and the tube 3 for aeration is emitted to culture 
medium as air bubbles from the tube 31 for gassing within the body 1 of a 
cultivation tank. 

[0015] The upper part clear aperture 13 of the body 1 of a cultivation tank is 
closed by the silicon rubber seal 4 for sealing, and the lid 5 in seal. The opening 
8 for an air vent and a sampling is formed in the part which anchoring of the 
thermo sensor which is not illustrated, pH sensor, etc. and the opening 6 for acid 



alkali addition are formed in the part equivalent to the swelling section 12 of the 
body 1 of a cultivation tank of a lid 5 and the silicon rubber seal 4 for sealing, and 
is equivalent to the body 1 of a cultivation tank. A lid 5 and the silicon rubber seal 
4 for sealing are bound tight with the proper clamp 7, and ensure sealing. In 
addition, when performing culture in the open condition, the silicon rubber seal 4 
for sealing, a lid 5, a clamp 7, etc. are not used. 
[0016] The optical supply means for [ of the body 1 of a cultivation tank ] 
supplying light to the culture medium in a cultivation tank in a side-face location is 
arranged at least. In the example of drawing 1 , the fluorescent lamp group 30 of 
a large number close to the both-sides sides 1 1 and 1 1 of the body 1 of a 
cultivation tank considers as an optical supply means, and is arranged. As 
described above, the light source can use artificial sources, such as not only a 
fluorescent lamp but an incandescent lamp, a xenon lamp, etc., for arbitration, 
and may use natural sunlight. Although not illustrated, it becomes possible by 
enabling accommodation of the light source and the distance of a cultivation tank 
using a proper migration means to make the photosynthesis conditions suitable 
for many culture modes. 

[0017] The bow baffle 14 which drawing 2 is the side elevation of the cultivation 
tank shown in drawing 1 , and inclined for a while is installed in the tub. The bow 
baffle 14 is made into the condition of having lost preferably touch with a bottom 
of the tank side a little, and is arranged fixed by the proper fixed means among 
the both-sides sides 11 and 11. In the stirring effectiveness to the longitudinal 
direction of the improvement in on the strength of a cultivation tank, and the 
culture medium in a tub, this baffle is formed in order to aim at response-time 
compaction of raising pH and temperature control, and number of sheets etc. is 
set up whenever [ optimal tilt-angle ] experimentally. In addition, by drawing 2 , 
an arrow head arranges the bow baffle 14 in the gestalt of a graphic display, and 
sketches the example of a position of the flow of the culture medium at the time 
of sending air in a cultivation tank through the tube 31 for gassing from the tube 3 
for gas aeration from a side face. In addition, in drawing 2 , the thermo sensor S1 



and the pH sensor S2 are attached in the opening 6 formed in the lid 5. 
[0018] In addition, having been shown in drawing 1 and 2 does not pass to an 
example of the photosynthesis bacterial culture apparatus by this invention, but it 
may have many deformation. For example, although the tube 31 for gassing 
shows only one to the pars basilaris ossis occipitalis of equipment, it changes 
height and you may make it install it. [ two or more ] Moreover, you may make it 
insert the tube 3 for aeration through the opening 6 prepared in the swelling part 
of said lid 5. It may not be indispensable to curve, as the configuration of a baffle 
was also shown in drawing 2 , and it may be a straight-line-like thing. Moreover, if 
the thickness of the body 1 of a cultivation tank removes the limit of 2cm or less, 
especially a limit will not have the configuration of a cultivation tank, and a ratio in 
every direction, either. 

[0019] To the photosynthesis bacterial culture apparatus pan, drawing 3 is other 
operation gestalten and is juxtaposing the fluorescent lamp group 30 and 
cultivation tank as the light source by turns in this example. In drawing, 41 is a 
carbon-dioxide bomb, 42 is a compressor for air aeration, and a carbon dioxide 
and air are made into a desired mixing ratio by the gas blender 43, and are sent 
in in a cultivation tank through the tube 3 for gas aeration. Moreover, in drawing, 
44 is a duct for culture medium recovery, and can collect culture medium through 
this duct 44. Thus, amplification of culture magnitude can be easily aimed at by 
arranging two or more cultivation tanks in juxtaposition. 
[0020] 

[Example] Hereafter, an example explains this invention concretely. 

(Example 1) The culture apparatus of this invention is used and it is marine green 

algae Chlorococcum littorale. The cultivated example is shown in drawing 4 . 

What added the following nutritive salts to 11. of seawater of 1/2 concentration 

which mixed the seawater extracted from the Iwate Kamaishi bay and tap water 

by 1 to 1 was used as culture medium. 

[0021] 

KN03 2.5 gMgS04 and 7H20 1.25 gKH2P04 1.25 gFeS04 and 7H20 2.2 



mgH3B03 0.72 mgMnS04 and 7H20 0.63 mgZnS04 and 7H20 0.056 
mgCuS04 and 5H20 0.020 mgNaMo04 0.0053mg [0022] Only the 
concentration of the nitrate of MC culture medium doubles this presentation. The 
detailed alga of this ** was planted in this culture medium, by 71-/min, aeration of 
the air containing 2 - 3% of carbon dioxide was carried out, and it was stirred. 
Temperature was kept at 25 degrees C and pH was not controlled. After having 
dried the filter at 105 degrees C after carrying out attraction filtration of the 
culture medium of optimum dose, collecting cells on the filter made from glass 
fiber (Whatman, GF/C) and 3 more% of ammonium formate's washing, and 
reaching constant weight, weighing capacity of the dry weight was carried out, 
and it was found. When continuous irradiation of the white fluorescent lamp was 
carried out from both sides for 24 hours and average light reinforcement was set 
to 1500micromol/m2 / s, the straight-line term proliferation rate of 8.1 gdycell/l/d 
was obtained with the cultivation tank of 1cm thickness. This value is twice [ at 
least / more than ] the proliferation rate of the detailed algae cultivated by the 
optical autotrophy reported until now. 

[0023] Changing only the thickness of a cultivation tank into 2cm and 4cm, others 
cultivated on the same conditions. Consequently, the proliferation profile shown 
in drawing 4 was obtained. When the thickness of a cultivation tank increased 4 
times (4cm), the straight-line term proliferation rate was set to one eighth. This 
has suggested that detailed algae can be cultivated more efficiently [ as the 
thickness of a reaction vessel is small ]. 

[0024] That is, if thickness of a cultivation tank is made thin with 4cm, 2cm, and 
1cm, as shown in drawing 4 , productivity (straight-line term proliferation rate) will 
rise with 1 , 4, and 8 g/l/d. The amount of culture medium will be set to /1/4 by 1 / 
2 or 1cm by 2cm, if the case of 4cm thickness is set to 1 . The area which 
receives light is fixed, and a light-receiving interview / volume will be set to 2 and 
4 if the case of 4cm is set to 1 . That is, the amount of the light received in per 
volume of culture medium becomes 2 or 4 times. Although it was predicted that 
productivity is proportional to light income and productivity also increased 2 or 4 



times therefore when following the conventional idea, actually, it had become 4 
or 8 times and this was the result of the ability not expecting. 
[0025] Although the light energy per volume has only doubled in 4->2cm, by 2- 
>1cm, productivity is twice as expected to productivity being 4 times. That is, in 
thickness reduction of a 4->2cm cultivation tank, it can say that the qualitative 
shift which cannot be explained only by reducing thickness has happened, and it 
is proved that it is significant that the distance between the both-sides sides of a 
cultivation tank in this invention is about 2cm or less. In addition, it is thought with 
a 1cm cultivation tank that it is based on an exhaustion of nutrient salt (especially 
nitrogen source) after the 20th hour that the inclination of a proliferation profile is 
decreasing. 

[0026] (Example 2) By using this equipment, it is marine green algae 
Chlorococcum littorale to high density, so that it was not able to attain in a 
conventional method. The cultivated example is shown in drawing 5 . As a result 
of performing culture-medium exchange of harvesting a cell according to 
centrifugal separation with a suitable time interval, moving to a fresh culture 
medium, and cultivating with this equipment again, the maximum cell 
concentration reached 84 gdrycell/l. 

[0027] The arrow head in drawing shows the event of performing culture-medium 
exchange. This Tokimitsu reinforcement is 2300micromol/m2 / s, and uses the 
cultivation tank of 1cm thickness. That which doubled [ further ] the concentration 
of the nitrate of the culture medium of an example 1 (5 g/l) was used for the 
culture medium, using the culture apparatus of this invention, although the value 
called 50 - 60 gdrycell/l by the heterotrophy-culture (namely, culture which added 
carbon sources other than a carbon dioxide in the culture medium) using 
chlorella etc. is reported conventionally - moreover, it became possible by using 
the culture approach of this invention to cultivate detailed algae to high 
concentration further. 
[0028] 

[Effect of the Invention] This invention offers the new culture apparatus and new 



approach of a photosynthesis microorganism. Although it was thought that 
culture of optical autotrophic microorganisms was inferior to a heterotrophy 
microorganism in respect of cost and a rate, it becomes possible to reclaim the 
new aspect of affairs of industrial utilization of a photosynthesis microorganism 
by the improvement in efficiency for light utilization and the achievement of high 
density cultivation which were obtained as a result of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The decomposition perspective view showing 1 operation gestalt of 
the photosynthesis bacterial culture apparatus by this invention. 
[Drawing 2] The side elevation of the equipment shown in drawing 1 . The flow of 
culture medium is also shown. 

[Drawing 3] The perspective view explaining the condition of having arranged 
main culture equipment and an optical feeder in juxtaposition, and having 
expanded culture magnitude. 

[Drawing 4] Main culture equipment is used and it is marine green algae 
Chlorococcum littorale. Graph which shows the cultivated result. 



[Drawing 5] The graph which shows the result of having repeated culture-medium 
exchange and having carried out high density cultivation of marine green algae 
Chlorococcum littorale using main culture equipment. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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mi<7)£oizmu>®tzmm&<. immi> 

kmz>j?%< 1 1 1 itmz 1 v y t-mmsM: 0 1 



(1 1 mmSJS<Oyt$:^Wv:tcOT'^t@W{i^-C# 

5-1 o%<mmikfcmmm.mzmxixm+2>z 
t^mx-hi, 

[00 13] 

[»«OHatO»JB] HT. ^flfc J: 

WPitJ. Hltt. *«5JfcJ:**teJR!^«#fl«« 
<OHW*^f4MWffl«a-CftO, HK*J^T, ltttt* 

T»v^ffifi*T*>o. Mffliffii 1 _ 1 Kia^r^^f- 

#^>i^TV^S. ^LT, *<0*ti6|t-6pHHBB 1 1.11 

[0014] iOWSJBBWCtJV^T . 1 <7)T 

¥Wi v> -y h 2 (C)R^$il-C 0 . ^ y h 2 
fc<4H^L^r^ia*»6>4>«)Mia*3&<, v>^-y h2 
^JSaSfiftfciWtfciSAP 2 1Kytt7h2 rtfc * 

±*tctftftfcaajP2 23&»4.gi#ik3WiT, « 
mtixoizztix^i. tmm*w 1 wnauifiSf 
a^ffl^a-r3*>'igttTj)0. SEaafflf-A-r3tt 

^3 i (02#h§) cssttL-cv^. amffl^^-^3 

^ ixm.bhwtmi.+rMfomm&tfztfmtez 
tis tmm*w i mimwmi-3--73 l^jna 

[ooi53 ts*«i*tt i <o±*ih»p 1 3 li. mmm 

y-f - , pHt ytr-^BXfttt-^ . KT;l-^ 'J }») 
fca6coraP 6 tiX H 0 . tg»«*«! 1 

■hWf&ztix^z. W5Ris®mmi'V3y3J»i>—j\' 
4\mM.<7)M#>$ki\<zimm\ j ti>ti. vmtwmz 

Kfflyijay^y-M, M5, «f^>m7^i:'(ifflv> 

[ooi6] tg««** i <^=5r< t traiH{aat=«^ 

. H 1 «0fCtt , 1 ct)MMH 11.1 

1 KUfi»UfclMR<0»*ff»3 0*«^gt LEE 
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[ 0 0 1 7 ] 02 teH 1 fciR L^^S«Oll®iaT$) 

o . >y vm tammmR i 4 aw* wbkis *it v * 
h. nmmm 4\m*L<\mmfrt>mtn*±. 

*£±frfp HRl/)fl^$i|ffllOiG^B#^M^^Il& SWT 

ifcte^fi*. *>*>?& 9, mmm^ &m%mn&. «c 

&&fc'*«s?*l6. Srfcs H2T'^EPte, B*<0JKB 
(CttAIHtK 1 4 Zmmi . 

^^^tg«?S<omofflfi<?iJS:|||ffl*^^^ -y * Lite 
ftfcs 02T'te. »5fc»JftLfcBP6(C 
teiag-by-t-S l s pH^Vt- S2**JR9ttte4>*l 

[ 0 0 1 8 ] , II 1 , 2lZ^ LfcflWttiHJifc 

i^tcLTtiV^ *7t, a^fflf-jL-r3 5rKffBS5 
oWasfflftfciWtfcBlia 6 * ft LTJ? A~t* J; dtcLT 

fcs 1 COW $#2 c mOTt tidMRSNOT 

[ 0 0 1 9 ] H3 te. 3frMS&£MfSI£SB2 ^tcfttiw 

0fct*«|ft^5tMaLTV^. HKfcWCs 4 1 
ttZiMfcSaMfy *C. 4 2 te^milMffl -9"- 
X'h 0 . ZlHk^k £^fc te#x?l£t§4 3{:J; 9/9r 

ffrtfciMOiiiix*. ifc. ®lZte\^X, 4 4te^«M 

®mmx'$) o , ms& 4 4 ix tmmz bude-t 

[0020] 

[HSfePJ] KIT, gtJKHicJ: •)*Wfltft*WWR , »f 
l>. 

(HSfcflJl ) *%HB<0«iBSa*fflv^T. $j£&&Chlo 
rococcum littorale £t£*Lfc(9J £04 fcijc?". S^ 1 

[0021] 



KN0 3 




2. 


5 g 


MgS0 4 • 


7H 2 0 


1 . 


2 5 g 


KH 2 P0 4 




1 . 


2 5 g 


FeS0 4 • 


7H 2 0 


2. 


2 mg 


H3BO3 




0. 


7 2 mg 


MnSO, • 


7H 2 0 


0. 


6 3 mg 


ZnS0 4 • 


7H 2 0 


0. 


0 56 mg 


CuS0 4 • 


5H 2 0 


0. 


0 20 mg 


NaMo0 4 




0. 


0053mg 



[0022] -rcoffljfcte. Mcw&aiHKfiaiSKaA 

2fgCU:iOT'<£>l>. i^ifi^S^EOSSiW^S-fi^ 
Wt. 2~3%<0ZKfl^aS:^iS^&, 7 1/m 
i nt\ fflJRUJttFLfc. iftKte2 5X;Ctftt>, pHte 
0J»L$r*»-*fc. fft&Mites aft<93£»£i83l4& 

U^X??^^-!?^^- (Whatman, GF/C)± 

tcnifi***). zuzsxotmTyt-vAXimi 

BBWU T^lfiStK^l 500jumo 1/m* /stL 
lcmf^«it8. lgdycel 1/1 
/d^iil|«lti5iSJS* { f#^it^. elites iiliT 

[0023] mmnnm*.?)** 2 c mt 4 c m « 

ft!!te|5lt^ftT'tS»5-fi : -5it. -ewe*. 

-nmmtfttz. tezmmzmm (4 cm) ^ 

te. Riat <o»s**/hs»witf"hsv^air«)*j: <a«B 
aw***?* * ; £ lt v^i . 

[0024] t%bh, *S»fl^)Jit»*4cm» 2 c 
nu 1 cmk»< UrvKt, H4^-r«t0t. £S 
tt (mWWHWBlK) 1.4s 8g/l/d«tJJf 
LTV^i. igiti&ites 4cmWO«^Srl k-f&fcs 
2cmTtel/2s 1 cm-C'te/l/4fc$:S. 3feSrS 
(tSffiSte-^T'S) 0 . 5BfcfflJf /?R*te4 c mWdi^ 
Slk-tftk. 2. 4k*6. 0*0, ««JKwfWS3 
fc l 5tSte&3tO*te2s 4feb%h. Vtm^llzft 

^mt&x&iizsmth{><r>x-b'o . i-^t, 

[0025]4-2c mT'tes fSAWi. *)V>%**fr* 
-**2^tC^^TV^f*ft*c7){Cs 4*1tte4fSi:^o 
TV^WfC^LTs 2-1 cm-C'te. f-iSaiOijlttte 
2^k=5r-DTV>|, < , o^O. 4-*2cmT'£7)**»c7)Jf 
S $ s>^^> Lfc£»1TttKJprr&$r 

SffiOW (BSBiaoKSItftetj: 2 c mOT?$> S £ k (is 
*«^tc7)-CJ)l.sti:^iiEs?nTV^|>. ^rfc. lcm 
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[00 26] (nMm2)*%wm^z>zkiz£^ 

^Chlorococcum 1 ittorale. £tgg L£0>]£0 5 £in 

m^mmizwtxMr/^mximi-i t ^otswm 

£'<T-> fcIS*, mjmm®mii8 4 gdrycel 1 / 

[0027] m^nKmzmmtft^tztifgk*^ 

?. £WB$3fc3ft£(j:2 3 0 0//mo l/m* /st\ 1 

<r)ffl®&<n>m.ZZMz2fe (5g/i ) CUctco^ 

tmwzzMitfcmmmmmzmniKim) xs 

0~6 0gdryce 1 1 / 1 fc«Stt#fiS*«fcS:h. 
*»!B«*SKSra*ffl^6 i i: fc J: 0 . $ £>Ki§*§££ 



[0028] 

mti;m&mthi>?>x't>i. m&mwmm 
mimm%mm£.wzax h t m&<r>mx"£& b%z.t> 

[02] m nzmmm<mmm. tmmcomit^ 

til. 

[13] *%mmsbmte£mmHz&Kxtmm 

[04 ] #tg§i3§fi£fflUT^i&^.Chlorococcuin lit 

[05] m\*x* mwmzmmtxm 

S^Chlorococcum I ittorale£iS$£tgg L£*SH£ 
[02] 




( 6 ) ftffl¥ 10-150974 



[03] 



3 




